Objective: To examine the associations between body mass index (BMI), waist circumference (WC) and risk of atrial fibrillation (AF) in Chinese adults. Design, Subjects and Measurements: A cross-sectional study was conducted to explore the association between obesity and atrial fibrillation among 18 615 Chinese (10 370 females) aged 35 years and above in 2004. AF was defined by electrocardiography and history. Obesity was classified by BMI and WC, including overweight (BMI: 24.0-27.9 kg m À2 ; WC: 85.0-94.9 cm for men and 80.0-89.9 cm for women) and obesity (BMI: X28.0kg m À2 ; WC: X95 cm for men and X90 cm for women), according to the Chinese Guidelines on Prevention and Treatment of Obesity in Adults. Multivariable logistic regression was used to analyze the association between obesity and AF. Results: Age-and sex-adjusted prevalence of AF (n ¼ 194) was higher with increased BMI, with 0.9% for normal, 1.1% for overweight and 1.6% for obese (P trend o0.01) Chinese. Compared with normal BMI, multivariable-adjusted odds ratios (ORs) were 1.2 (95% confidence interval (CI): 0.8-1.7) for overweight BMI and 1.8 (95% CI: 1.2-2.8) for obese BMI (P trend o0.01). After excluding known secondary AF (valvular, postoperative and hyperthyroid) and unclassified AF, the corresponding multivariable-adjusted ORs were 1.4 (95% CI: 0.9-2.2) and 2.2 (95% CI: 1.3-3.7) (P trend o0.01). The same trends were observed for WC. Multivariable-adjusted OR was 2.6 (95% CI: 1.4-4.6) for participants with both BMI and WC obesity and 1.7 (95% CI: 1.0-2.9) for participants with both BMI and WC overweight in comparison with those with both BMI and WC in the normal range. Conclusion: Obesity, either defined by BMI or WC, was significantly associated with AF among middle-aged and elderly Chinese.
Introduction
Atrial fibrillation (AF) is the most common arrhythmia in clinical practice, encountered in 3-4% of the population over the age of 60 years, and in about 9% of octogenarians.
1 AF may result in significant morbidity, including tachycardiamediated cardiomyopathy and increased stroke risk, and is associated with a 1.5-to 2-fold increase in mortality, independent of other risk factors. 2 Although the diagnosis of AF is usually straightforward, effective treatment is not. Therefore, the number of research studies regarding its prevention and treatment is increasing.
Earlier studies have shown that advancing age, cardiovascular disease (CVD) risk factors and CVD increase the risk of developing AF. 3, 4 Obesity occurs in association with most of these conditions; many researchers inferred that obesity has an independent association with AF. Recent results from several population-based prospective studies validated the hypothesis that obesity is closely associated with the risk of AF. [5] [6] [7] The most recent meta-analysis of data from five population-based cohorts in the United States and Europe showed that individuals with obesity have an associated 49% increased risk of developing AF compared with nonobese individuals. 8 Most of the studies examining the relation of obesity to AF, however, were conducted in white samples of European descent, and most of them used only body mass index (BMI) to define obesity. We hypothesized that accounting for potential confounders, both BMI and WC would be positively associated with AF in Chinese individuals. In the research reported here, we studied the association of AF and obesity in a large population-based sample of Chinese, using both BMI and WC to define obesity.
Methods
The China MUCA study The China MUCA Study (China MUlti-center Collaborative Study of CArdiovascular Epidemiology) is a comprehensive epidemiological study including (a) population-based examinations of CVD risk factors every 5 years since 1982, (b) population disease surveillance of CVD morbidity and mortality in 1.5 million residents from 1991 to 2000, and cohort follow-up of cardiovascular outcomes, in order to monitor the trends of CVD and risk factors and to define the major determinants of CVD in mainland China. 9 The China MUCA Study 5th examination of cardiovascular risk factors (China MUCA Study 5th examination) was a cross-sectional study conducted in 2004 in 13 populations selected on the basis of geographic location and urbanization (Figure 1) . A survey of AF prevalence was added in the examination in 10 of the samples, in order to understand its prevalence in the general Chinese population. Three centers were excluded from the AF survey for the following indications: occupational population without participants over the age 60 years (two centers) and serious biased selection of diseased participants (one center).
Participants of MUCA study 5th examination In each geographically and administratively well-defined population of about 100 000 residents in all ages, we used random cluster sampling to choose sufficient communities or villages to meet the designed sample size of 1000 participants aged 35-59 years and 1000 participants aged 60 years and over in each population on the basis of the Household Registration data. Finally, 19 929 participants in the 10 populations took part in this study.
Present study participants
For the purpose of this study, we excluded 3 participants with missing AF history, 27 with missing WC and 185 who did not perform ECG test. We further excluded 1102 individuals whose BMI was o18.5 kg m
À2
. Finally, 18 615 participants remained and were used in the analysis.
Data collection
For all participants, research staff and physicians collected data using standardized methods. They obtained data on demographic characteristics, lifestyle risk factors, history of AF, myocardial infarction, hypertension and other diseases, using a standardized questionnaire. Examinations for all participants included conventional 12-lead electrocardiography, weight, height, WC and blood pressure measurements, using standardized methods. A specially trained senior ECG technician reviewed the electrocardiography tracings. Weight, height and WC were measured with participants wearing light indoor clothing and no shoes. WC was measured by the tape across the high point of the iliac crest. The measuring tape was placed tightly around the trunk in a horizontal plane. Three consecutive blood pressure readings were taken on the right arm using a mercury sphygmomanometer, and the means were used for analysis.
All identified AF patients were invited to undergo twodimensional Doppler echocardiography, in order to differentiate non-valvular AF from valvular AF, in appointed local hospitals. A specific AF questionnaire including history of surgery and hyperthyroidism was used at the same time to identify the possible causes of AF.
Definitions AF. Atrial fibrillation was defined either by positive answer to the question Have you ever been diagnosed atrial fibrillation by a doctor? in the master questionnaire or by an electrocardiography that showed fibrillatory waves of atrial activity and an irregular ventricular response. Obesity and atrial fibrillation in China X Zhang et al Two echocardiographers carried out the diagnosis of valvular versus nonvalvular AF. The echocardiographers evaluated the mitral, aortic, tricuspid and pulmonic valves for the severity of stenosis and regurgitation (four grades) and for the presence of valve replacement. Higher than second-grade valvular regurgitation or stenosis, or the presence of valve replacement was defined as valvular heart disease. AF with concomitant valvular heart disease was defined as valvular AF. AF that occurred within 30 days after cardiovascular surgery was defined postoperative AF. AF that occurred within 12 months after the onset of hyperthyroidism was defined as hyperthyroid AF. Valvular, postoperative and hyperthyroid AF was grouped as 'known secondary AF.' Patients who had insufficient data to determine their AF type was defined as 'unclassified AF.' All other remaining AF cases were defined as 'AF excluding known secondary AF' in this paper, including AF that might be caused by risk factors such as myocardial infarction, hypertension, diabetes and left ventricular hypertrophy. 4 Risk factors of AF. Myocardial infarction was defined by either electrocardiogram or a positive answer to all the following three questions, Have you ever had a serious chest pain that lasts for more than half hour?, Have you been hospitalized or seen by a doctor for this pain? and Did the doctor say you had a myocardial infarction? In order to define the history of doctor-diagnosed diabetes mellitus, we asked the following questions: Did doctors ever say you had diabetes?, Do you control your diet right now? or Did you use antihyperglycemics or insulin within a month? If both the first question and any of other questions were positive, it is defined as doctordiagnosed diabetes. Stroke was defined by the positive answers to the following two questions: Have you ever been hospitalized because of having difficulties in speech or paralysis for more than 24 h? Did doctors say you had a stroke? Hypertension was defined as systolic blood pressure X140 mm Hg, diastolic blood pressure X90 mm Hg or use of antihypertensive medication in the past 2 weeks. Left ventricular hypertrophy was measured by electrocardiography. Current smoking was defined as having smoked at least one cigarette per day for at least the past year; ex-smoking was defined as having smoked at least one cigarette per day for at least 1 year or having smoked at least 20 packs of cigarettes totally, but not presently smoking. Current alcohol use was defined as drinking alcohol at least once per week for at least the past month; past alcohol use was defined as having drunk alcohol at least once per week for at least 1 year, but not currently drinking.
Statistical analyses. The w 2 -test was used to compare categorical variables between subgroups; the t-test was used to compare continuous variables between subgroups. The ageadjusted prevalence of AF among different BMI or WC groups was calculated. Logistic regression was used to examine the relations between the risk of AF and BMI and WC in both continuous and categorical variables. Age-adjusted models and multivariable-adjusted models were established to estimate risk adjusting for the possible confounding effects from risk factors (age, electrocardiographic left ventricular hypertrophy, regular use of cigarettes and alcohol (never/ex-user/ current user), history of myocardial infarction and history of doctor-diagnosed diabetes) by including them in multivariable models as covariates. Simultaneously, odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by the logistic regression model. We also estimated separate models with an ordinal variable for BMI and WC category to test for a linear trend across BMI and WC groups. To reduce the influence of known secondary AF that is not caused by obesity, we used AF excluding known secondary AF as the dependent variable in our multivariable-adjusted models.
Finally, relations between AF excluding known secondary AF and the combination of BMI and WC were estimated. According to the classifications of BMI and WC, the participants were categorized into nine groups; the reference group was the group with both normal BMI and WC. We did not estimate ORs for groups with o500 participants. We also examined this joint association by including BMI and WC as continuous variables in the same model.
For the secondary analysis, we examined the possible interaction between sex and obesity (both BMI and WC) and between age (o60 vs X60 years) and obesity. To do this, BMI was re-grouped into o28 and X28 kg m
À2
; WC was regrouped into o95/90 (M/F) and X95/90 (M/F). And then, the association between height and risk of AF excluding known secondary AF was examined.
All statistical analyses were carried out using the SPSS software package (SPSS Inc., Chicago, IL, USA; version 13.0). A two-sided Po0.05 was considered statistically significant unless specified differently.
We certify that all applicable institutional and governmental regulations regarding the ethical use of human volunteers were followed during this research. The study was approved by the Ethics Committee of the Cardiovascular Institute and Fuwai Hospital, and all participants signed the informed consent before taking part in the examination. Association between AF and obesity The age-adjusted AF prevalence rates significantly increased with normal, overweight and obese BMI categories, respectively, in men and women. It showed the same trend for WC categories ( Figure 2 and Table 3 ). Participants aged from 35 to 44.9 years; , participants aged from 45 to 54.9 years; , participants aged from 55 to 64.9 years; , participants aged 65 years and over. AF, atrial fibrillation; BMI, body mass index; WC, waist circumference. (Table 4) .
Association between obesity and AF excluding known secondary AF After excluding known secondary AF and unclassified AF, the size of associations was increased, both for BMI and WC, and both for continuous and categorical variables. The risk of AF excluding known secondary AF increased by 40% per 1 s.d. increase of BMI and increased by 50 % per 1 s.d. increase of WC. The ORs were 1.4 for overweight BMI and 2.2 for obese BMI, and were 1.6 for overweight WC and 2.6 for obese WC (Table 4 ).
Joint effect of BMI and waist circumference
The association between AF excluding known secondary AF and the combination of BMI and WC are shown in Table 5 . Age-and-sex-adjusted prevalence. Associations of obesity with different subtypes of AF We also examined the association of obesity, both in BMI and waist circumference, with the subtypes of AF excluding known secondary AF. Persistent and permanent AFs were combined for analysis because of small number of cases. The results showed that both BMI and WC had a positive relation with the risk of all subtypes of AF (Table 6 ).
Secondary analysis
The results on interactions by sex and age were shown in Table 7 . There were no significant interactions either between sex and obesity, or between age and obesity for the risk of AF. The association between height and the risk of AF excluding known secondary AF was also tested, but there was no statistical significance for both men and women (data not shown). Obesity and atrial fibrillation in China X Zhang et al
Discussion
AF is a common arrhythmia associated with increased risk for cardiovascular morbidity and mortality. 4, 13 This study, for the first time, investigated into the relationship between AF and obesity among Chinese populations. It not only found that the risk of AF was closely associated with BMI, as in previous studies, but also was significantly associated with WC, which had not been studied intensively heretofore.
Whether obesity is a causal factor for AF or is mediated through other conditions that are consequences of obesity and also causes of AF such as myocardial infarction has been controversial. 5, 7, 14 In our analysis, we observed that adjusting for hypertension, electrocardiography left ventricular hypertrophy, doctor-diagnosed diabetes, history of myocardial infarction, cigarette smoking and alcohol did not significantly change in the association between the risk of AF and obesity. In addition, it is well established that valvular heart disease, surgery and hyperthyroidism can lead to AF. 3, 15, 16 In a recent meta-analysis, Wanahita et al. 8 found that after cardiac surgery obese individuals do not have an associated increased risk of developing AF compared with nonobese individuals, indicating AF post surgery is not caused by obesity. This finding underlined the reason of excluding known secondary AF in our analyses. Our findings that there seemed to be stronger associations between obesity and AF after excluding known secondary AF and unclassified AF further strengthened our argument that obesity is a potential risk factor of primary AF. We found all subtypes of AF, first detected, paroxysmal and persistent/permanent, had positive association with obesity, and the size of the associations were smallest for the first detected AF and largest for persistent/permanent AF, which was consistent with the result of Dublin et al. 14 The mechanism that links AF with obesity is not well understood. Previous studies have shown that inflammation, hypertension, sleep apnea and enhanced neurohormonal activation, which are induced by obesity, may increase the risk of AF. [17] [18] [19] Wang and colleagues 7 emphasized that left atrial enlargement was an important potential mechanism of increasing incidence of AF in the obese. Studies have shown that BMI is one of the most powerful determinants of left atrial size, and the risk of AF is correlated with the severity of atrial enlargement. 20, 21 As we did not collect data on inflammation, sleep apnea and left atrium size, we are not able to assess the role of atrial enlargement and other factors in the development of AF.
Although there have been a number of studies examining the relation of BMI to AF, the relation of WC to AF remains largely unstudied. We also first tried to explore their joint and independent associations with AF. As WC is highly correlated to BMI, with a correlation coefficient of 0.78, we did not find a significant each-other-independent association for BMI and WC. However, there were some signs signaling that WC had a stronger association with AF than BMI. These included (1) BMI was no longer significant when both were included in the same model; (2) WC showed a stronger effect in the association with CVD in many other previous studies; [22] [23] [24] and (3) WC also showed an association with obstructive sleep apnea, which might lead to AF. [25] [26] [27] If this can be further proved in future studies, it may imply abdominal fat has more importance in the development of AF.
Strengths and limitations
Our data are notable because our study sample was population-based and large scale with more than 18 000 participants. We examined individuals of Asian descent, who have been under represented in AF reports. 28, 29 In addition, potential confounding factors were brought into consideration, especially for valvular heart disease, cardiac surgery and hyperthyroid disease. Despite the strengths listed above, several limitations should be noted. As we defined AF by participant's reported history or casual electrocardiography measurement, under-reporting of AF was possible, especially in rural areas where insufficient health-care service, low economic status and limited health education might lead to silent cases. In fact, BMI in rural sites in our study was 1.9 kg m À2 lower than BMI in the urban population (25.2 vs
kg m À2
). The variation in BMI distribution by site might lead to differential misclassification and false associations between AF and obesity. However, the associations still existed after adjustment for urban/rural population. Second, there were secondary AF other than valvular, postoperative, post-myocardial infarction, post-diabetes and hyperthyroid AF that could not be excluded or adjusted for in our study, for example, AF secondary to heart failure, 30 ,31 chronic pulmonary disease 4 and sleep apnea syndrome 19, 27 were not routinely ascertained with our survey. Third, we were not able to collect echocardiographic data on participants without AF, which prohibited us from analyzing the associations of obesity, atrial enlargement and AF. Finally, the crosssectional observational nature of our study limits our ability to establish a causal relationship between obesity and AF. Future studies, especially weight loss intervention trials, are required to obtain direct evidence on the causality of obesity on AF.
Conclusion
This study found that obesity, a rapidly increasing problem in China, 32 was closely associated with the prevalence risk of AF among middle-aged and elderly Chinese.
